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A graphene-tin oxide (G-SnO2) nanocomposite was prepared via a facile hydrothermal route using gra-
phene oxide and Sn precursor solution without addition of any surfactant. The hydrothermally synthe-
sized G-SnO2 nanocomposite was characterized using a ﬁeld emission scanning electron microscope
(FESEM), high resolution transmission electron microscope (HRTEM), X-ray diffraction (XRD), and energy
dispersive spectroscopy (EDS). A homogeneous deposition of SnO2 nanoparticles with an average particle
size of 10 nm on the graphene was observed in the FESEM and HRTEM images. The G-SnO2 nanocompos-
ite was used to fabricate a modiﬁed electrode for the electrochemical detection of dopamine (DA) in the
presence of ascorbic acid (AA). Differential pulse voltammetry (DPV) showed a limit of detection (LoD) of
1 lM (S/N = 3) in the presence of ascorbic acid (AA).
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Dopamine (DA), a simple organic chemical in the catecholamine
family, is a monoamine neurotransmitter that plays an important
role in the central nervous, renal, hormonal and cardiovascular sys-
tems [1,2]. Since its discovery, DA has attracted a great deal of
attention in clinical ﬁelds because its abnormal levels in the human
body indicate various diseases, such as Parkinson’s disease, senile
dementia, and schizophrenia [3]. Monitoring the concentration of
DA is essential for either nerve physiology study or diagnosis.
Over the past several decades, tremendous effort has been made
and various techniques have been developed for the DA detection,
such as ﬂuorimetry, chemiluminescence, capillary electrophoresis,
mass-spectrography and ion chromatograph [4,5].
Compared with the above approaches, an electrochemical
method has received considerable interest as it owns a series of
advantages, such as fast detection, simplicity, reproducibility,impressive cost-effectiveness, non-destructive detection and facile
operation [6,7]. However, the electrochemical determination of DA
is hindered by the co-existence of interfering compounds, such as
ascorbic acid (AA) and uric acid (UA) in neural biological environ-
ment [8]. AA, another electroactive species that plays an important
role as an antioxidant in human metabolism, is the main interfer-
ing species that coexists with DA in the central nervous system [9].
Due to this interference, it results in poor selectivity and sensitivity
towards DA detection. Moreover, AA is oxidized at almost the same
potential as DA, hence resulting an overlapping voltammetric
response for the oxidation of a mixture of DA and AA on a bare
electrode [10]. In order to overcome this problem, two fundamen-
tal approaches have been often performed; (i) improve the electro-
catalytic performance on the electrode surface to separate their
oxidation potentials, and (ii) selective interaction with DA on the
electrode surface without interferences [3,11]. Following these
two strategies, various chemically modiﬁed electrodes have been
fabricated using polymers [12], metal oxides [13], nanoparticles
[14], and carbon based materials, example graphene [15–17].
As a new member of the family of carbon-based nanomaterials,
graphene has attracted enormous interest in fundamental and
applied science communities. Moreover, it shows speciﬁc charac-
teristics and could be a promising candidate for aforementioned
two strategies. Graphene have been most commonly utilized due
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charge-transfer characteristics and good chemical stability
[18,19]. As a ‘‘rising-star’’ carbon material, it has great promise
for potential applications in many ﬁelds such as nanoelectronics,
nanophotonics, catalysis, sensors, nanomaterials, supercapacitors
and so on due to its unique electronic, mechanical, and thermal
properties [19,20]. Owing to its high speciﬁc surface area and
excellent electric conductivity, graphene has been intensively
employed as modiﬁcation materials on the surface of glassy carbon
[21].
Hybridization of graphene with a second component such as
noble metal [22] or metal oxide [23,24] nanoparticles leads to a
binary composite, which combines the merits of the two materials,
providing superior properties over their single component in vari-
ous applications including lithium ion batteries, ultracapacitors,
solar cells, gas sensors, fuel cells, and electronic devices [21,25].
As an n-type semiconductor with a wide-band gap of 3.6 eV,
SnO2 has been extensively studied in different ﬁelds such as gas
sensors and anode materials in batteries due to its diverse optical,
electrical and electrochemical properties [26,27]. Recently, many
efforts have been devoted to fabricate SnO2 nanostructures with
different morphologies because their sensitivity and efﬁciency
directly depend on the speciﬁc surface area and morphology
[27,28].
Sodium dodecyl sulfate and cetyltrimethylammonium bromide
ionic surfactants were used to synthesize G-SnO2 nanocomposite
for the modiﬁcation of electrode. Several methods have been
reported for the synthesis of graphene and its hybrid materials
including chemical reduction of graphene oxide (GO) using chem-
ical reducing agents such as hydrazine and sodium borohydrate
with the involvement of high temperature [29–32], making these
strategies highly toxic and hazardous. Greener techniques such
as ﬂash photoreduction, solvothermal reduction, catalytic reduc-
tion, and photocatalytic reduction [33–36] have limitations such
as the failure to reduce oxygen-containing functional groups upon
the reduction of GO to graphene. The oxygenous groups may affect
the electronic properties of graphene [37]. Alternatively,
hydrothermal method offers advantages such as non-toxicity,
low temperature reaction and efﬁcient reduction for the prepara-
tion of graphene and its hybrid materials.Scheme 1. Schematic representation of electrocataIn this work, a simple, fast, and eco-friendly hydrothermal
method was employed to produce G-SnO2 nanocomposite.
Graphene oxide and Sn salt were used as the starting materials
in the absence of surface active agent. The G-SnO2 nanocomposite
was used to modify an electrode for the electrochemical detec-
tion of dopamine (DA) in the presence of ascorbic acid (AA)
(Scheme 1). The differential pulse voltammetry (DPV) results
showed a limit of detection (LoD) of 1 lM (S/N = 3) in the presence
of ascorbic acid (AA). The higher sensitivity and selectivity of the
G-SnO2-modiﬁed electrodes were due to the incorporation of
SnO2 into the graphene that exhibited the synergistic effects,
which combined the advantages of graphene such as large speciﬁc
surface area and high conductivity, with the advantages of SnO2
nanosheet such as diverse optical and electrical properties.2. Experimental methods
2.1. Materials
Graphite ﬂakes were purchased from Ashbury Inc., along with
sulfuric acid (H2SO4, 98%). Potassium permanganate (KMnO4,
99.9%), hydrogen peroxide (H2O2, 30%), tin (IV) chloride pentahy-
drate (SnCl45H2O, 98%), and ammonia solution (NH3, 25%) were
purchased from R&M Chemicals. Hydrochloric acid (HCl, 37%)
was purchased from Fisher Scientiﬁc. Dopamine hydrochloride
(3-hydroxytyramine chloride), ascorbic acid (L(+) – Ascorbic
Acid), and phosphate buffer saline (PBS) were purchased from
Merck. Distilled water was used throughout the sample
preparation.2.2. Fabrication of graphene-SnO2 nanocomposite
First, 0.4 mg of graphene oxide (prepared by simpliﬁed
Hummer’s method [38]) was dispersed in 10 mL of DD water under
vigorous stirring for 30 min. Subsequently, 0.35 g of SnCl45H2O
was separately dissolved in 10 mL of DD water, and a 0.1 M ammo-
nia solution (25%) was added drop-wise under a controlled feed
rate of 1 mL/min at constant stirring to achieve pH 11 using an
auto-titrator (Methrom, 794 Basic Titrino). The dispersed GOlysis of DA at GC/G-SnO2-modiﬁed electrode.
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until a brownish mixture was obtained. This brownish mixture
was then transferred into a Teﬂon-lined stainless steel autoclave
and heated to 160 C for 4 h. After the 4 h reaction, the resultant
black suspension indicated that the GO had been reduced to rGO
(graphene) under the hydrothermal condition. Subsequently, the
hydrothermally synthesized powder was ﬁltered and washed sev-
eral times with distilled water until the pH of the powder was
reached to neutral. The products were dried at 60 C overnight.
2.3. Characterization of nanocomposite
The structural and morphological features of the hydrother-
mally prepared nanocomposite were analyzed using an FEI Nova
NanoSEM-400 ﬁeld emission scanning electron microscope oper-
ated at 10.0 kV, and a JEOL JEM-2100F transmission electron
microscope. The crystalline phase of the nanocomposite was deter-
mined using a Philips-X’ Pert Pro X-ray diffractometer with Cu Ka
radiation (k = 1.5418 ÅA
0
).
2.4. Electrochemical studies
The G-SnO2 nanocomposite-modiﬁed glassy carbon electrode
(GC/G-SnO2) was fabricated by dispersing 1 mg of the ground
G-SnO2 nanocomposite in 1 mL of DD water and then sonicated
for 30 min to ensure a homogeneous dispersion. Next, 5 lL of the
G-SnO2 suspension was drop cast on polished GCE and dried in
an oven at 65 C for 1 h. The GC/G-SnO2-modiﬁed electrode was
used for the electrochemical detection of DA. Prior to the modiﬁca-
tion, the bare GCE was polished to a mirror-like appearance using
alumina slurry on micro-cloth pads, and then rinsed thoroughly
with deionized water. All the electrochemical measurements were
carried out using a Princeton Applied Research-VersaSTAT-3 elec-
trochemical analyzer with a conventional three-electrode system
under a nitrogen atmosphere at 27 C. The GC/G-SnO2-modiﬁed
electrode, platinum wire, and saturated calomel electrode were
used as the working, counter, and reference electrodes, respec-
tively. A 0.1 M phosphate buffer solution (PBS) (pH = 6.8) was used
as the supporting electrolyte. All the potentials are quoted against
the Ag/AgCl unless otherwise mentioned.
3. Results and discussion
3.1. Characterization of G-SnO2 nanocomposites
Fig. 1 shows the X-ray diffraction patterns for the SnO2 and
G-SnO2 nanocomposite. The diffraction peaks of the G-SnO220 30 40 50 60 70
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Fig. 1. XRD patterns of (a) SnO2 and (b) G-SnO2 nanocomposite prepared via
hydrothermal method.nanocomposite corresponded to the (110), (101), (200), (211),
(220), (002), (310), and (301) reﬂection planes due to the pres-
ence of SnO2. These peaks also matched well with the standard
JCPDS card No. 41–1445. There is a weak shoulder peak at 25.5
as indicated in Fig 1b, which corresponded to the (002) plane of
few-layer rGO present in the G-SnO2 nanocomposite [39,40]. All
the peaks of the G-SnO2 nanocomposite revealed a strong crys-
talline nature that was attributed to tetragonal SnO2 with the rutile
phase. Hence, it was strongly conﬁrmed that the composition of
the nanocomposite was a cassiterite form without any impurity,
and no diffraction peaks due to Sn or SnO were detected. The incor-
poration of SnO2 into the graphene layers had a tremendous effect
on the intensity of the peaks.
The morphology of the hydrothermally prepared G-SnO2
nanocomposite was analyzed using ﬁeld emission scanning elec-
tron microscopy (FESEM). Fig. 2(a) and (b) shows the morphology
of the G-SnO2 nanocomposite, which revealed that irregular SnO2
nanoparticles were uniformly deposited on the graphene layer.
The support matrix of the graphene efﬁciently scattered the bulk
structure of the SnO2 into tiny particles that were well embedded
in the wavy, crumpled, and wrinkle layers of graphene. In the
absence of graphene, the SnO2 formed micron clumps due to its
aggregation (data not shown). The energy dispersive spectrum
conﬁrmed the presence of Sn, O, and C elements in the G-SnO2
nanocomposite, as shown in Fig. 2(c). The chemical composition
in the EDS spectrum shows 59.33, 34.56, and 6.12 wt% for Sn, O,
and C, respectively.
The structure and morphology of the G-SnO2 nanocomposite
were further conﬁrmed using TEM (Fig. 3). The TEM images
revealed that the uniform dispersion of shows irregular SnO2
nanoparticles on the graphene surface (Fig. 3(a)). Further, it can
be seen that SnO2 nanoparticles with an average size of 10 nm
were densely and uniformly distributed on the 2-D graphene layer
(Fig. 3(b)). A lattice spacing of 0.17 nm is clearly observed in
Fig. 3(c) and corresponds to the d-spacing of the (220) crystals
planes of SnO2, which is in consistent and good agreement with
the XRD analysis. These images suggest that the graphene served
as the heterogeneous nucleation sites for the deposition of SnO2
nanoparticles. The embedded SnO2 nanoparticles were also
tremendously beneﬁcial in assisting the graphene to overcome a
major drawback involving the aggregation and re-stacking of mul-
tilayer graphene.
The deposition of SnO2 nanoparticles on the graphene was
probably initiated with the anchorage of the Sn4+ precursor by
the oxygenated group on the graphene layer [41], which was fol-
lowed by the establishment of chemical bonding between the
SnO2 and graphene surface [42]. The anchorage of Sn4+ ions was
probably followed by the redox reaction between the GO and
Sn4+ ions. Hence, the GO not only served as the heterogeneous
nucleation sites for the crystal growth of SnO2, but was also
reduced to graphene. The possible redox mechanism in the
hydrothermal process of the SnO2 nanoparticle formation is shown
below [43]:
SnCl4  5H2Oþ 4NH4OH! SnðOHÞ4 þ 4NH4Clþ 5H2O ð1Þ
SnðOHÞ4 ! SnO2 þH2O ð2Þ
During the mixing process, the addition of an NH4OH solution
to the SnCl4 mixture caused the formation of Sn(OH)4, as repre-
sented in reaction 1. The above reaction caused the formation of
a brownish opaque mixture. In reaction 2, unstable nuclei of the
tin hydroxide decomposed into SnO2 nanoparticles during the
hydrothermal process [44], which were subsequently deposited
on the surface of the GO and caused the reduction of GO to gra-
phene. The graphene serving as nucleation sites for the heteroge-
neous nucleation growth of SnO2 and controlled its formation.
Fig. 2. FESEM images of G-SnO2 nanocomposite at (a) low and (b) high magniﬁ-
cation, and (c) energy dispersive spectrum of G-SnO2 nanocomposite.
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solution with black sediment, which was an indication of the com-
plete redox reaction between the GO and Sn(OH)4. The direct addi-
tion of NH4OH to the SnCl4 and graphene became a great challenge
in the absence of a surfactant for controlling the nucleation and
growth of the SnO2 particles. Therefore, further studies on control-
ling the pH seem to be an essential route for controlling the nucle-
ation and growth of the SnO2 crystal to avoid its aggregation and
agglomeration, which make the greatest contributions to bulky
particle clumps.3.2. Electrocatalytic activity of G-SnO2-modiﬁed electrode toward
oxidation of dopamine
The electrocatalytic performance of modiﬁed electrodes were
examined using a cyclic voltammetry analysis with a 50-mV/s scan
rate on different types of modiﬁed electrodes, as presented in
Fig. 4. The background current behavior for the bare GCE in the
0.1 M PBS supporting electrolyte (black line) did not show any
existing redox peaks, which revealed that the bare GC electrode
was stable for the redox reaction. It is clearly observed that, in
the presence of DA, the anodic and cathodic peak currents of the
GC/G-SnO2 electrodes (green line) were about three times higher
than those of the bare GCE, GC/SnO2 (blue line), and
GC/graphene (pink line) electrodes. This signiﬁcant increase was
due to the large surface area, high conductivity, and catalytic activ-
ity of the G-SnO2 sample [45]. The SnO2 bulk-modiﬁed GCE in the
0.1 M PBS with DA showed an oxidative current enhancement of
+0.4 to +0.5 V, and reductive current of between +0.2 and +0.3 V.
When compared to the bare GCE, the GC/G-SnO2 electrode showed
slight shift in the redox peak position caused by surface modiﬁca-
tion in the GCE. The electrochemical response of GC/SnO2 was
smaller than that of the GC/graphene electrode, because the oxida-
tive and reductive peaks of GC/graphene demonstrated a slight
increased current compared to the GC/SnO2 electrode. It is known
that graphene is an ideal support and acts as an effective elec-
tron promoter for electrocatalytic oxidation of DA. Good synergis-
tic effects aroused between graphene and SnO2 nanoparticles
improved the conductive area and facilitated the electron trans-
fer between DA and the modiﬁed electrode surface. The redox elec-
trochemistry of DA is shown in Scheme 1. DA can easily
electrochemically oxidize to form DAQ. Upon the application of
potential to the electrode, DA was easily oxidized to form DAQ
by an exchange of two electrons and two protons. These electrons
were later donated to the electrode and produced a faradaic cur-
rent [46,47].
The electrocatalytic activity of the GC/G-SnO2-modiﬁed elec-
trode was further investigated by recording the cyclic voltammo-
grams (CVs) at different scan rates in the presence of DA in the
PBS (pH = 6.5). PBS with pH 6.5 was chosen as the supporting elec-
trolyte because it is near human physiological pH and gives a max-
imum oxidation peak current (Ipa) of DA at pH 6.5 [30]. The
protonation rate of DA decreased with increasing pH due to easier
oxidation of hydroxyl groups in the DA alkali media [48]. Fig. 5
shows that an increase in the scan rate from 10 to 1000 mV/s led
to an increase in the DA redox peak and a shift in the oxidation
and reduction peak potential, which was due the quasi-reversible
process. The calibration plot obtained for the redox peak currents
against various scan rates (Fig. 6) revealed a linear correlation,
which indicated that the electrochemical oxidation occurring on
the GC/G-SnO2-modiﬁed electrode was indeed an adsorption con-
trolled process [49].
To obtain the anodic electron transfer coefﬁcient, aa, the peak
potentials of the redox peaks were plotted against the logarithmic
scan rate. Taking the systematic deviation from linearity of the
results into account (Fig. 7), a linear correlation between these
two parameters was only seen when v was above 650 mV/s due
to an adsorption controlled process. Based on the anodic peak
potential, Epa, and using the Laviron theory, in which the slope
was equal to 2.3RT/(1  aa)nF, where n is the number of transferred
electrons (the calculated n in this experiment  1), and R, T, and F
have their conventional constants, the calculated aa was 0.44 [50].
Ideally, for an irreversible process, a was predicted to be 0.5, and
the calculated value was quite close to the predicted value, which
indicated that the GC/G-SnO2-modiﬁed electrode possessed an
quasi-reversible electron process characteristic [50]. This aa value
was then substituted into Laviron’s equation, as shown below:
Fig. 3. (a) Low-magniﬁcation TEM image of G-SnO2 nanocomposite and (b and c) high-magniﬁcation HRTEM images of G-SnO2 nanocomposite indicating lattice spacing of
0.17 nm.
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and the electron transfer rate coefﬁcient ks was found to be 2.06 s1.
Hence, the GC/G-SnO2-modiﬁed electrode recorded faster electron
transfer kinetics than that of bare GC, which aided in the electro-
chemical oxidation of DA. In this study, while increasing the scan
rate, the peak current was increased in addition to the increase in
peak-to-peak separation potential (Fig. 5). This typical phenomenon
is called a quasi-reversible process. In a typical reversible process,
an increase in scan rate only increases peak current and the
peak-to-peak separation potential remains the same. Meanwhile,
in a typical irreversible process, an increase in scan rate only
increases peak current without shifting the peak potential.-0.2 0.0 0.2 0.4 0.6
E (V) vs. Ag/AgCl
Fig. 5. Cyclic voltammetry (CV) of G-SnO2 modiﬁed GCE in 0.1 M PBS (pH 6.5)
containing 50 lMDA at various scan rates (10, 50, 100, 200, 300, 400, 500, 600, 700,
800, 900, and 1000 mV/s).3.3. Electrochemical detection of DA at GC/G-SnO2-modiﬁed electrode
Differential pulse voltammetry (DPV) was employed to obtain
the limit of detection (LoD) using the GC/G-SnO2-modiﬁedelectrode, because it had a higher current response. In Fig. 8, the
oxidation peak current increases with increasing DA concentration.
Fig. 9 shows a calibration graph revealing a linear relationship
between the oxidation peak current and the DA concentration. A
different linear dynamic range (LDR) corresponding to a different
current sensitivity was obviously observed. The ﬁrst linear equa-
tion (y = 0.26823x + 1.15177), with an LDR of 2–20 lM, showed a
drop in current sensitivity to the second linear equation
(y = 0.03104x + 5.86059) segment, which was probably due to the
kinetic limitations of the GC/G-SnO2-modiﬁed electrode. Based
on the ﬁrst linear segment and signal-to-noise ratio (S/N = 3), the
calculated detection limit was 2 lM.
In order to prove the selectivity of the GC/G-SnO2-modiﬁed
electrode, the electrochemical oxidation of DA was carried out in
the presence of AA (Fig. 10). It is known that the oxidation peak
position of AA is similar to that of DA, which can be difﬁcult to
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AA and 10 lM DA, and G-SnO2 modiﬁed GCE in 0.1 M PBS containing 10 mM AA,
10 lM DA, 10 mM AA and 10 lM DA.
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together, the DPV of the unmodiﬁed GCE revealed only a peak
potential that was attributed to the overlapping response of both
AA and DA. However, in the case of the GC/G-SnO2-modiﬁed elec-
trode, it was clearly seen that the AA peak position could be
resolved from DA at 0.02 V and 0.23 V, respectively. Further, the
electrochemical detection of DA was carried out in the presence
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Fig. 11. Differential pulse voltammetry (DPV) of G-SnO2 modiﬁed GCE in 0.1 M PBS
containing 10 mM AA with different concentration of DA (0, 0.7, 1, 2, 3, 4, 5, 10, 20,
30 and 40 lM).
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Fig. 12. Calibration plot of oxidation peak current against concentration of DA in
the presence of AA.
48 R. Nurzulaikha et al. / Sensing and Bio-Sensing Research 5 (2015) 42–49of 10 mM of AA using the GC/G-SnO2-modiﬁed electrode (Fig. 11).
The oxidation peak current was increased with increasing DA con-
centration in the range of 0–50 lM. The calibration curves for DA
in Fig. 12 show good linearity with LDR values of 1–5 lM and 5–
50 lM. The linear equations obtained for DA were y = 0.52114
x + 0.17882 and y = 0.10899 x + 2.5838 for both linear segments,
and the calculated detection limit of DA was 1 lM (S/N = 3).
Hence, the GC/G-SnO2-modiﬁed electrode allowed the detection
of DA in the presence of AA.4. Conclusion
In conclusion, a G-SnO2 nanocomposite was successfully syn-
thesized through a simple hydrothermal method. The TEM images
revealed that 10-nm SnO2 nanoparticles were uniformly dis-
tributed on graphene sheets. The G-SnO2 nanocomposite was used
for the fabrication of a modiﬁed electrode for the detection of DA in
the presence of AA. The GC/G-SnO2-modiﬁed electrode showed a
good electrocatalytic activity, as the graphene sheets prevented
the agglomeration of SnO2 nanoparticles, which in turn increased
the sensitivity and selectivity in the presence of a high concentra-
tion of AA. The DPV response showed a limit of detection (LoD) of
1 lM (S/N = 3) in the presence of ascorbic acid (AA).Conﬂict of interest
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